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The foUowiog trftaslation from "L^Auto," of the ruLes officiallsr 
aidopted ty the Aeromutioal S^E^tixig Coazaissioa of the Aero Club of 
France, at its meetisg on February 6th, was made by the Bar is Office 
of the National Advisory Comcsittee for Aerosaotios, in view of the gen* 
eral interest that has been evideaeed in the Gordon^Sennett and other 
aeronautical eooipetitions. 



The Competition of 1920 . 

The follovTlng Rules were officially adopted by the Aeronautical 
porting Coosiission of the Aero Club of Jraxnea at its meetizig on ibbru- 
ary 6th. 

^Ihe new^aper "L'Auto" offers a Ptize of 10,000 francs for a test 
flight, to be kzioim as the "Krize for Greatest Speed Bange." l!he test 
flight can be made at any time between April 1st and July 1st inclusive. 
The Prize will be amrded to the pilot who succeeds in obtaining the high- 
est maximuai and lowest zoinimua speeds, and in landing within the ^ort- 
est distance. One classification will be made of the speed ranges and 
another of the landing distances, the final award dependisg on the result 
of the two lists. In case of a tie the cco^titers will be placed ac- 
cording to the ^eed Bange classification. 

!Bie Test ^ight must be made in Erance on the Villacoublay aerodrome, 
vftiere a base of 3 kilometera will be established by the organizers 

The Competitors must make the Teat Flight elooe in the machine; the 
flight can be made only in a wind of less than 10 meters per second, the 
speed being measured at 10 meters fraaa the ground by the Coonission^s. 
The flight must be accompli^ed by the aid of xisual flying tactics ozily, 
all stunt flying, s\ich as looping, beizig excluded. 

The Coopetltioxi is limited to machines of Class C, (engine dri7en\ 
airplanes). 



Th© Batry Fee is 500 francs, whicsb. w3.11 not be returned. The Sntry 
F&es will "be lased to larovido additional prises, viz. : one-half to the 
Ccmpetitors placed second; one-gi:iartsr to those classed third; one-eighth 
to those classed f o-urth; one-sixteenth to those placed in the fif tii class, 
etc* , etc. » at the eeise decreasing rate for all classes of cocipetitors, 

5Che Erize for Greatest ^eed Range is only open to French Pilots 
flying machines hvdlt in S!rance by a P^ench Constructor or a Heeadh 
Society* 

Th» 2atry Form must be signed by the pilot* Sntry Forms may be 
sent to the offices of "L'Auto** 10, r-ue du Eaiibovrg Montoartre, on and 
after filar ch 1st, 1920. ^plications for entry mxist be made in writing 
on the Sntry Form adopt-ed by "L^Auto", and accoopanied V the sm of 500 
francs, ai^t days before the date of the first test. The !C3st Flij^ts 
will cocmenee at Villacoiiblay on April let at 8 a.m. Shey will . take 
fdaee twice a week, on Tuesdaye and TkasraSa^a, Entrants must iafoxm the 
organizers of the day and hour of their test flight before Hxd Saturday 
of the week precedixig tiae tMe diosen. 

The Cccopotition vtIII be conducted as follows: 

1st. Test of Maacimas ^pesd. A straight line of Z. klloooeters will 
be marked off 1^ pylones on the Villacoxiblay aarodrome. Hie entrants 
mtist cover this distance - there and back - at ipaximm i^eed. The mean 
tjxae takes for the double joxirney will then be calculated by the times 
(going and rettaming) noted, allowing for the Telocity of the wind meas- 
wed by aciemaneter at the tine of iSaa test flight. 

The flight should be praetieally horizontal* 

The interval between, the end of the first part of the flt^t (going) 
and the beginning of the return Journey m-ust be less than five miautes 
without landing. Ditring that interval the competitor should keep out- 
side the track. 

3nd. Uinimum Speed Test under the same conditions, tiae measurements 
will again be taken for the same macshine f ^ing horizontally at its mini- 
vsoBL speed. 

If t is the average time taken to cover the distance loarked at max- 
imua speed, and T the time required io cover the sme distance at minimoa 
speed, the machines will be placed accordizig to the values of the ratio T/t. 

Sach machine entered shall have the right to make three attestpts, not 
necessarily on the sai&e day. 

The machines must undergo no modification for the two tests - the 
maximum and minimisi speed - and mi3st carry the same useful weight for 
e&cb. test. In changing the speed of flight, the pilot nmst use only the 
controls of the engine or of the machine. Wing manipulation can only 
take place during flight. 

tests will be made at a practically constant height of 500 meters; 
the competitors must have on board a barometer registering -u;p to a maximm 
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of 1000 meters, sealed by the cossnissi oners. This barcmeter miist be ac- 
cepted ty the ccoimissi oners. The differences of altitude must not exceed 
50 meters more or less than the prescribed altitude. IQie ^t^ff^fth^ must 
not leave the given track of 100 meters in width. 

The tests vd.ll be made indiVidtial Sjr; the ccmnissionera^ nill, if 
sscassory, fix the order in whldi entrants will £lj, hy the drawing of lots. 

Entries are valid dtiring the vihcle of the time the caapetiticaa con- 
timssy and allow the entrants to make the three attanpts as stated in 
Hiile 7. 

A fall puts the cco^etitor out of the running. 

'Bie shortest distance Landing Test will be made uoder the following 
conditions: 

A sanded area, finely raked, measuriz^ -200 meters alcmg one side, 
will be made at- a point on the given track. On this area the coapetitosa 
moBt land. 

The distance travelled on the ground at landing will be measured as 
follows: A line will be traced perpezidicular to the rear plunb line of 
the traces of the wheels of the air^ane at its first contact with the 
ground; then will be talssn the perpendicular passing through the axis of 
the nbeels ifi&en the machine has stopped, and this line will be porcjected 
on the ground. 

The distance between the two perpendiculars shall be the distance 
covered at landing. 

Tae time-keepers* ea^enses shall be borne "by the entrants. 

The newspaper organizing this Competition can in no case be held re- 
sponsible for any accident occurring dxoring the Competition, ^tber to 
pilots or others. 

EtlTRIES 

Entries will be received at the offices of "L'Auto" from Mar<3a 1st. 
Would-be Coopetltors must send their request to the "Auto**; an Entry 
Form will then be supplied, nhich they must return, duly filled in and 
signed, together with the Entry Fee of 500 francs. 

The list of E&tries will be dosed on Uarcb 3Xst at 6.30 p.m. 



General Erlnoi'Ples , 



fhe fire years of War bare Inrought aboat a remarkable deTelojment of 
aviation in all its different departments. Let us liasten to add that we 
camot have a very clear idea of all the progress aoftcmplisbed imtil af- 
ter QXP retiim to nomal peace cor>d:ltions, the manvfaetxirers o^ the two 
enemy camps having natTorally hidden theJr designs frcm each other* Within 
the very near futi^e^ the rivals on both sides will learn what their 
recent enenies have been, doing. 

Meanwhile, v^tever may be the general opinion, there is no problecs 
more azrgent than that of security. I'he complete statistics of accidents 
occ-urring quite recently, give the following restilts (exeltding, of 
course, war accidents). 

Palls when the machine is near the grouod* 86^. 

Falls in full flight: 14^. 

Xhe latter item, moreover, dijoinisbds year by year. The 66$ of the 
first class of accident is divided as follows: 

Starting accidents (getting off) I9jS. 
Accidents at landing: 

j&zid this latter dass does not seem to diminish at all, on the 
contrary. 

^so, the steadily increasing sgpeed of flight renders ..landing a more 
and more ticklish thing to effect, especially on a strange grounds The 
obvious conclusion is that we must encourage all investigations having for 
their object the minimising of landing difficulties^ and of the distance 
to be traversed before stopping. 

The new Michelin prize is the outcome of this movement, and the sol- 
ution of the problem is hoped for in the helicopter type madiine» 

Conside.rit]g only the airplane - the curr^t solution at present - 
we can understand the advantage of flyi:^ at high speed; but, at the same 
time, a very low landing speed is necessary for security's sake* From 
these two requirements has aris^i the ^peed Satio- Gompetition* the Rules 
of v^ibh have j-i^t been given. 



Hbese introductory remarks were necessary, but we must not forget 
that the idea of sudi a test dates back ten years, and that its author 
waa the Marquis de Dion, who thus gave another proof of his practical 
coQsnon sense. "Fraca the time of the first landing accidents - and Heaven 
knows how painful they were - M. de Dion was impressed with the necessity 
of reducing landing speeds. This Competition should, therefore, be placed 
under his patronage, Xhere is no greater authority in the mtter than he. 
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OONCSBSIBS THE RULES OP THE "HIGHEST SPEED RATIO* COMTETITIOir. « 



The ratio of the maainnBi speed in hc»i*ontal flight at the altitude 
of practical utilisation of the airplane, to the landing speed, has been 
called hy mo* 5E8BD RATIO. 

Assming horizontal flight at 2000 m. and the ceiling at 4000 m« , 
which corresponds to jresent day transport planes, we find that the 
Speed Ratio for such planes is 1.88, that is» if we take a minlmua landr 
ing speed of 90 )m/'h, the maximm speed of the transport airplane at 
2000 m. will be 90 X 1.8^ ±= i69 Imfh^ I then ahowe d tha t this Spee^ Ratio, 
wiiCH LIMITS IRANSFQRT FLAKES TO ^MBiSLkit^l WIT SSS^D&t may be ln> 
creased: 

let, Sy increasing tb» altitiJde of the ceiling, iAiil« keeping the 
altitule of flight xmder the ceiling, which would allow of the ratio 
being increased proportionally to 

^SsOOQ/ <^ H - 2000, <5"2000 and - 2000 

being respectively the spedfio wei^ts of the air at the altitude of 
3000 m. and at 2000 m. below the ceiling. Thus, for flight at 8000 m. 
with a ceiling of 10000 m.', the speed ratio would be 1.88 x 1.41 » 2,65; 
we should thus obtain a speed of 90 x 2.65 s 238 btc^h. 

But the useful load would be djainiehed oa account of the increase of 
engine power; this increase is prpportional to ( ^ 2000/ <fH - 2000) / 
Tzoqq/'^E - 2000. ^000 and Th - 2000 being respective^ the absolute 
temperatures of the air at 2000 m. and at 2000 m. below the ceiling. In 
the above exai^ple 

C <5 2000/ <5"8000)^'^ * ^200o/^8000 = 

Vhe power of the engine on the ground and therefore its weight must 
thus be tripled; but the coxisumption of fuel required for covering a given 
distance remains the same aa in flight at 2000 m. , assusing, of course, a 
zero wind and an invariable specific eonsiBS>tion of the engine. 

Snd. Sy increasing both the ceiling and the distance s^>arating the 
altitude of practical flight from that of the celling. In this case, 
however, we should not only have an increase in the power, and consequent- 
ly, in the weight of the engine, but also an increased weight c£ fuel to 
«arry in order to cover a given distance. 

The increase of speed ratio due to flight with analler lift has a 
limit corresponding to flight at minimuoa drag; the limit value of l^e 
ratio for the 1918 airplanes is 2.04 instead of 1.88, that is, only 8^ 
greater than in the first case. If, as in the preceding exanrple, the 
machine has a ceiling of 10000 m* , but is flying near tiie ground instead 
* 

See the last publication of th^ works of the Eiffel laboratory ^*Resu£ie 
of the principal works executed at the Eiffel Laboratory during the War,^ 
p.2. 
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Of at 8000 m. tlje ratio will be (without allowing for Kraxiation of teoper- 
ature) 3.04 x 1.41 = 2.88 and the speed near the groiand 90 x 3.88 = 259 
Inn/h; the consiBiptiw of fiael for a given distance is 0,355/0.130 = 2.73 
greater than that of the machiae flying at 8000 m. » 0.355 and 0. 130 being 
the respective values of B^^y ^OOO m. and at 10000 ou below the ceiling. 

3rd. Finally, the same increase of spaed as in tba first case can 
be realized "b^ the us© of a sriqisrcbarged engine which would still allow 
of flying at 2000 m. below the ceiling, but with a mxich higher ceiling » the 
power of the engine on the ground being increased only in the ratio of 

nI^o/ ^{E- 2000) * [( «^20C0/ <S bf^^ ^ 2000/^^ 

that is, 1.1 for flight at 8000 m. We mast also allow for the increase 
of weight due to the super cabarging device. 

Also, while possessing siiffitfiant excess poweiti the st^iercharged en- 
gine would allow of flying at an incidence nearer the optimun Incidence 
(Hx/Ry niinimiia) ; more especially, ws can fly at an incidence correspond- 
ing to that of an ordinary airplane flying at 2000/3, that is, 670 m. 
below the ceiling (since the si^jercharged engine triples the ceiling of an 
airplane fitted with an ordinary engine), l&der these conditions, the 
speed ratio for fli^t at 8000 m. would be only 2.16 iiutead of 2«88f 
but on the other hand, the eaogine power ami cozistin^tion (the value of 
%/Ry being lower) would bo diminished, so that we should haire to looJc fur- 
ther into the (^estion in order to Jmow whether it would be advantageous 
to increase the ij&cidence 6f flight. 

W.will give an eseeoiple e:^^ling us to take into aocbiaxt the influence 
of the inta^eilSe 6t potrei- on this useful i6£id bf the madaixle izi the two 
cases i txtdifidty engine and ax^t charged ehgitte* A good present day air- 
plane whlSh lands at 90 ha/h d£d has its'Celliiig ^t 4000 m», eatries 
40 kg/sq,m and weighs 6.8 3sg/HP4 flb will feSBWe that the Weight of the 
engine set is 1.5 kg/HE^ and tiaat the Weight Of tiie glideU is 305& of the 
total weight of the airplane. The following !I!able gives the numerical 
characteristics for the three eases. 



Hig^t 
at 2000 m. 



Flight at 8000 m. i Flight at 8000 m. 

with : with si5>er- 

ordinary engine i charged engine. 



Speed fiatio 
Max.Speed in km/h 
Weight per BP on 

ground 
Weight of engine 
set in $E of total 
weight of plane. 

Weight of glider 



Tot. Weight Plaiie 
Useful Load 



1*88 
169 

6.8 



1.5/6.8 = 22jL 

zajL 

48^ 



2.65 
^8 

6.8/306 2.23 
1,6/3.23 = 6758 



2*65 
238 

6.8/11 s 6.2 

1.5/6.2 = 24^ 

305^ 
46^ 



Ir tills w» eeo that in tbd 8aecaa& eas« th» iniM»hin«» coaiA ti»t etaxj- 
a <usef-ul load, while the adoption of a sixpwdaargsid 0i:gine would, allotr Oft 
^eed to %a increased from 169 to 238 Jnt^ wttiaoat anjr 4i|i3^e<^sbXe r«- 
dttction of vsefol loacL*« 

It ie easy to shov that for air^^aiifta bariiig the aona xedaeed polKt(l) 
the ^ed Batio depeivis solely on the ceiling and oa the altitude of utU* 
lsation» 

Zf we co&pwe the Stanlard BSDDOSD F0LAR8 (3) of alrplasas tTjmed 
out from 1913 to 1919 we note that the speed ratios (nasimas ^eed at 
2000 m^, miniism ^eed sear the grotaad, eeillz^ 4000 a.) cerrespoodlsg 
to those solars, have iaereased from 1.33 to 1.86, that is;^^415&. 

1» will lodieats the f onov^s £i^i3g the Tallies of thsT Speed Satire 
as fvaotiOQ of the aerodTnamic and ffi&chshicaX charaeteristle ocs££ieiG^t8 
of the airplane, and of the ^Aaraeterlstles of the atB»,qihera at the ai^ 
tltvde of the ceillne^ and of flight at meaEtoma speed. ^ 



• ^ '. " 

See Hote 1» p* XX< 

(1) For eomparing airplanes from an aerodTnanieal point of vleir, I es-^ 
ta1»lished a new method in 1915 idadeh has proved frultftd. in praetiee. 
IShis xaethod consists of reducing the polats of airplanes to the sur- 
face of 1 a3,.in, , that is, of dlvidizig the Taluas of the elwients of 
the resultant ^ the area of the airplane. !Ehe polar thxia ohtainsd 
will be the B2DUCSD POLOE of the a^lw». 



($) Comparing the reduced polars of airplanes eonstrupted during a cer- 
tain period, us see that most of them differ very little from each 
other, so that the airplanes of each year* say, xaay he character- 
ised hy a well detexmined reduced polar. Ihls Z have oalled the 
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We mil call: 

w _ V_ Maximixa speed 

" Uizjimvm Etpeed near tlae groui3d 

Uaximua lift of airplazia. 

Fiaeness ratio of alrplanet ai; iseidencw «e fXd^t at aaaiatiB 
sf eed. 

2 The cbaracteristlo coefficient of tiae reduced polar cor- ' 
responding to flight at f^e ceiling. 

^ UOTIVS power of tbs engine an tiae ground at the nuober of revo- 
lutions corresponding to boriBontal flight near tbe^groiind at 
Qtaziatn speed. 

Q the wei^t of the airplane « 

S the lifting snrfaoe. 

and - Specific weight and absolute tenperatwe of the sAv on the 
grouad. 

C^and T - Specific weight and absolute teo^peratvre of the air at the 
altitiKie of fli^t at speed T. 

and T„ - Qpaclf ic vreigbt and absolute temperature c£ tiie air at the 
ceiling. 

f (7) - Beduotion of the useful power of the engine set (with respect to 
the useftil poirer on the ground) for flight at speed T. 



f(Tj^} - !I!he.6ame reduction for flight at ceiling, 
mazimua speed. 



- Sffitdenor of propeller in borlsontal flight near the grovnd at 



ff» have: 

s 



or B = 



^ To ' cfo />o • ^^^^ -^g^ 



To 7^?^ 



H 
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If the raa x im u ft egsed test i« made near the groudd, as in 'ttie Caapa- 
titioa, T = Tq, (5 ~ d aad fCV) = 1. DSader these oondltiona, the 
foregoizig f oxmulas are written m follows: 



or 




The dsmonstration of these fonanlas ivill be fotind in WfSS II anneiced 
to the present dttidy, p. 12. 

Freca what j^recedes it will at once be seen that the airplaoe win- 
ning the Speed fiatio Oobpetition must hare the highest ceiling and must 
therefore a lso re aliee the lowest aerodTnamieal qualities produced ^ 

q/Pjjj X "S| (q/3) . Now, no useful load is imposed by the Begulations and 
ast on the other hazid, the weight of fuel to be carried is very small, 
we may estimate the total load at 100 leg. corresponding to the weight 
of the pilol and the fvBl carried. 

We will try and see which type of airplane amoag those existizig, has 
tiae best chance of carrying off the ]^ise. 

7e will call: 

- Ihe total weight of an airplane with the cooiplete load (qeh) ^r^oh. 

it carries in practice. 

qip - She weie^t of the glidar. 

- Xhe wei^t of the engine set. 

9, 1* and (Q/Pja)!* - !Ehe weight per square meter and p^ BP of the 
^ airplane after being' lightened for participa- 

tion in the Caacs)etitioa. 

a - The weight per HP of the engim set. 

It is easy to show that: 

(Q/S)l* = Q/S (qp/Q + aSiJq, + 100/q) 

CCl/gm) l* g 1+ qp/q X Q/aP^ 4> IQO/aPnt 

* 1 is an index. 
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We thus see that the val-uss of q/S and q/Poj for the lightened, air- 
plane, and consequently tiie prodxjct q/S x Q/im will he all the smaller, 
as the load per sq..m. and per HP cf the original airplane was smaller. 

For several aetiial airplanes whic& seem, to me the most likely win- 
ners in ttie Competitioni I give in the following Itable the valxies of the 
Speed Hatio (ratio of mariacna and minitsm srpeeds near the ground) and 
also the val-ues of the celling, determined hy meaiis c£ my MBkCUS EOR BS- 
!ISB PESPOSMfiNC:^ OF AS AIBPLASIS. 

From what has just been said, it will he remarked that Hib condi- 
tions of the Catrpetitioa are the same as those for a Ceilihg (Jcmpeti- 
tion, and \^e note the agreaoeat between the performances determined by 
the abaoos and the act-odl performances of the airplaned mentioned. 

TfB believe, howevez!', that the minimim ^eeds will be slightly less 
than those we indicate, so that the Batios will, in reality, be rather 
larger. 

We admit, of ccurse^ that the controls of the machines have still 
sufficient powet at low speeds to enable the machine to fly at these 
low speeds near the ground without danger, as req,uired by the Begulations. 



Ty^e of :: Niexiport* 
Machine 29 C.I 



Curties 
"Tfesp" 



Breguet* 
"Serline" 



Bristol* 
"Bullet" 



Descriptloa it 



ti 



Single- 
seater 
Piorsuit 

plane 
Hispano 

engine 



i 



Single- 
seater 
Pursuit 

pladS 
Curtiss 

engihd 



^ansport 
Plane for 
7 men 

fienault 
engine 



; Single-seater 
: Pursuit 
: plane 

• Cosmos 
: engine 



Kg/s^.m 



. 1 



860 ^ 31,9 
27 



I 2^= 33 
* 29 



: 3||g « 18:8 
. 72 



:J2J_ =31.6 
.27.5 



Zg/HP 



310 400 



460 450 



Speed 
Batios 

tieiling 
in m* 



tt 235 _ 2^94 

ti eo 



:2|3= 3.1 
i 81 



8800 



i 



9500 



: .63 

10000 



i 79 

: 10600 



We thus see that the rules of the Conpetition favor specialised ma- 
chines or those which have been specially transformed for ^he Competition, 
and that no account is taken either of the aerodynamic q,ualities of the 
machines nor of their practical qualities for the work for which they 
. were designed. 

For a fuller description see "The Paris Air Show, 1919" (on file in tSie 
0;ff ice of Aeronautical iatelligenoe of the National Advisory Cfflffinlttee 
Aeronautics). 
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For a Stpaed Batio Cosipetitiou to be of service to Aviatioa, 1 con- 
sider that the rules should provide for two teste. Xhe first would 
serve to classify ALL airplanes takiiig part la the Ccsapetition by their 
aerodynamic qiaalitiee. For this purpose woxild be determiaed for eacih 
airplane the speed ratios correspoadizig to maziman horieontal speed at 
2000 m aad to minimua speed near the groundt TBS AISFMSS LOADED 
SO AS TO HAVE ITS CBILIM& AT 4000 m. For machines not having their ceil- 
ing at that altitisde* the oaxiinaa speed test woiild take place near the 
ground and the speed ratios vovld be corrected as indicated above* 

The second test, intended for the ccmparison of the Speed Batios 
of airplaxies used for the same kind of work, would consist of a maximum 
speed test at the altitude of practical utilization of the airplane , 
and a mininua speed test near the ground. 

de different categories in v\^loh the airplanes woxild be classified, 
and tiis altitude (H) of the maximum dpeed tests, might be as follows: 

MILITARY AIBFLANSS. 

I. - Pursuit Planes, single^eeaters > H s 6000 m. 
II. > n •> two-seateifd, and Axw Corps Plasies > E as 5000 m. 

III. - Night Bombing Planes -> H s 4000 m. 

TBANSFOBT AlfiFZtA^S. 

For all airplanes « B s 2000 m. 

SPECIAL AIBPLAHSS. 

No limitation of useftil load; maximum speed teat to be made z^ar the 
ground. 

HMSSK. - Tbe altitudes indicated are minimum; ocoopetitore wishing to 
fly at greater altittdes would be fi^ee to do so; such might especially be 
the case with AntFLANBS FITZEa) WITH. ^DPEBCSfiBCM) MOIHBS* 

Military Airplanea would have to carry the regulation useful load 
and sBount of fuel; lEransport Sla&ed would Q&cty, eay, 100 kg. per pas- 
senger and fuel for 600 km. wi^ a ooiitrary wiiid blowing at 50 km/h. 

We thiiik that with rules such as we have just sketched, the Speed 
Ratio Competition, might usefully contribute to the progress of Aviation, 
while the rules as now laid down lead to the participation in the Com- 
petition of special airj^anss, or c£ madhinee specially traaffiformed for 
the occasion and which are of no praetioal use. 



liiOTE 1. - To be ccQiplete this Table should also ecoiprise the cas e of the 
airplane with SUPBSCCHESSSSES engiSA and with engine SUPERGCH- 
SSESSHD AND UGSTSKSD. 

m may estimate that fca: flight at 8000 m. , the weight of the set 
with s^3percanpressed engine wotild be e^ual to 0.67 x 0,94 - 0,63 of the 
total weight of tiie airplane, bo that the useful load <7^) would still be 
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too small. regards tbo si^erccajgireseed aad ligbtened eogina, it has 
not yet been built fet an altittnie of 8000 m. , 3mt, because of ite great 
weight az3d Iw mechanical efficienoj-f «e do not think it wotad be more, 
advantageoxis at high altittties than the siipereharged engine. 



KQTS 2. - ^STABLlSmmS OF THE JGBmJLAS FIGUBIN& IN ISS I>BECSDINIS tSSS. 

For tiie Notation, see p. 9. 

Section 1. > VALVE OP XBE SfS£D RATIOS IN PONCSIOK OF TBS jOilFIfrQDS OF 
TLlOm AT MAXIMUM SIEED. 

In what follows I admit that the relation between the specific weight 
Of the air and the altitu&e is: 

h = 21400 Log C ^^o/^J ) (1) 

vthich corresppsds with sufficient approximation to the Standard Atmosphere 
of the S.T,Ae. (Tq = 268^, fio ^ decrease in the tcorperature by 

Badau's Law.) 



The values of the altitttie. the characteristics of the Stai^dard At- 
mosphere, aod the values of f(V)* may be connected by- the approximate 
expression: 



h s 17500 Log 



ip S/3 



f(V) 



2/S- 



(2) 



Ifiider these conditions, it is easy to show that IF AN AIBFLAKS IS 
FLlim AT A GIV£N INCIBSNGS !EHE DIFEERENCE HBmiN USE ALTITUDE OF FLIGHT 
AND THE CEILING ffZLL ALWA7S BE TBS SAME WHATETSS BE TBS ALTITUDE CF FLIGHT. 



In point of fact, by eliminating tiiie speed frctt the two ftmdamental 
equations of horisontal flight of an airplane? 

. /?o ^ T/To . f W = % . 
>re obtain the relation 



I have established the values of this function' in the last publication 
of 'the works of the Eiffel Laboratory s "Resuoae of the principal worlcs 
executed during the Var p. 100. 
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Let hi, Hi, and h,2, Hg, be two gpotBps of valwa of the aititticle of 
flight asd th9 heififtt of the cetlijag, oorresponding to different powers, 
hut 8-ach that the flights at altitudes hi axai hg, as well as at the ceil- 
ings El and Hgi take place ih eadi ease at the aama indidenoe. 



TiDder these conditloxsA «» havet 



17500 Log 



2/3 



(5 1^ . V''^^(Yi^)»/3 ^ 



- 17500 Log .\^S~f(^/3 
^1 1 



OP 

Eg - hg = - bi 

We stated abov e, p. 5. that gSB S PEED RATIOS COULD BE INC3RMSED ERO- 
POaTIOKfiLLT TO N<52000/ <3H-2000 BY INCREASING THE ALTITUDE OP THE 
CEILIIXr WHILE EEEFIN& TEE SAME MiTITUStS OF HiIGBT BELOW THE CSILWi^ 

In fact, aa we have just seen, the airplane will fly in both oases 
at the same incidence, that is, at the same val-ue of By ^ 

the maximm speed at altitiaie (H - 2000 m) will be increased in the ratio 
of N6-2000/ <yH-2000' *^ miaim-OB speed near the groiaad remaining 



the s 

IP THE INCBEASE OF SPEED IS OBTAISSD BY INCRBASIN& BOffi OHE ALTITUDE 
OF THE CEILISO AJED THE HEIGHT SEPABATING THE CEILING FROM TBE ALTITUDE 
OP FLIGHT AT MAXIMDM SPEED, TBE INCSiEASE IN IHE HATIO WILL BE: 



^4gae 



1.08 



H 



Tg^aooO ^ ^'^H-2000^ 



As a. matter of fact, according to relation (1) we may write that the 
increase of speed at altitude H-2000 m is: 



'2000 



"N <S H-2000 



■ 4 



<^40Q0 
<5h 



There is a second increase of 85& due to flight at emalle* drag; fin- 
ally, the third inwease is la-oportional to the cube root of the increase 
of useful povjer due to the increase of teaagperature, Of efficiency, and of 
the number of revolutions. As regards the value of f (Vn-gOOp) however, it 
may be equal to unity if the propeller has been specially calcolated fw 
flight at the altitude H-3000. 
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Se ©tion 2. - VALUES OF THE MOTIVE POWER IN PDNCTlOlir OF THE ALTITODE OF 

WLTSBT AT mZTtm SBBED. 

Ist Case. - QRDIKAB7 ENGINE. 

£q;uation (3) may "be written as follows: 

Let P^jjj, P" be the motive powers of the ssme airplane flying at the same 
incidence a% altitodes where the specific weights of the air are respec- 
tively ^ * and ^- " and the absolute teoiEpvatTsres T* and T". 

Gonseq. uently, by eqiaation (4) we have 
^"m = PV • C<5Vcr")^'^^ • (1fVT«) . f(V")/f(V») . ^v/^" 



o 

By eqTiation (3) we may write, admitting yC>»^ = ^p"^ . 

pw 

Log m as 3 H"~H» sc H"-H* 

P'^ 2 i7§0 11650" 

where and H" are the respective ceilings of the airplanes in the two 
cases. 

2nd Case. > SUPE&CEABGSD SN&INB. 

In the case of a s-oper charged eiigine geared to a variable pitch pro- 
peller and keeping constant power P" at all altitudes, we have; 

Dividing expression (5) by expression (4) we obtain: 
If we assuae jP*Q j^" ' *e have: 
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Section 3, - VALUES OF THE SEEED RATIOS IN FUNCTION OF THE CHflBACfTEEISTiO' 
JffiCHANICAL AND AERODTOAMIOAt COEFFICIENTS OF USE AIRPLANE.* 

CcDibinisg tbe eq.mtioa of flight near the ground at mlnimxia speed 



S . V. 



m 



with the eqi-uation of fli^t at altitvda (<5 ) at maximm speed (V) 

I'm/Jo^W ' ^Ao ' ^/tfo = ^ ' • 
vie havet 



(7) 



v^ich gives the valve of the speed ratio in fuiction of the load per Eq..iD. 
and per H.F« , and also the characteristic coefficients of tiis reduced polar 
of the airplane. 

By means of eiqpression (6) written for the Ceiling, we eliminate 
the value of -s|"s/q . ^m/^ equation (7) and obtain: 

3/Z 



m 



^ . V ^ / 

Sy this expression we can determine the speed ratios, lAien we take the ceil- 
ing, [( ^q/ ^ e^^^^ * T^Tg .. l/f(Vg)] , the altitude of utilization 
[<5q/ c5 . Tg/T . l/f (V)J , and the aerodynamic coefficients charac- 

terizsing the ceiling t^^^^/^r^j^ . altitude of utilisation (Ej/Ky) 
and the flight near the ground t% ) ' 

This latter formula shows clearly that, as we have said on p. 7, for a 
given type of airplane ^} the speed ratio depends solely on the ceiling 
and the altitude of utilization.. 

ESAMHiS: For an airplane of the 1918 type for vAiicsh H s 4000 m and the al- 
titule of utilization is 3000 m, we have: 



1.51'=/'* X 1.09 X 



E = O'QSQ X ^ O'O^ . ~ 1,63 X 1.16 « 1.88 

I 0.13 X 1.68 

1.32 X 1.02 X 5^ 



* See p. 16. 
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* By oliara&teristic mechanical ooeffi dents of the airplane , I mean 
til© ratios q/S sind Q/Pa* vi&ich are the load per sq,.m, and the load 
per H.P,; the chara-cteristic asBfidynamical coefficients are the 
Talues of k/^ maxtaTO lift; kJ*' V% . altittide of 

practical utilisation and Serais*, relatiTe to its reduced polar. 

** Airplanes of the same t^ps have tiie same reduced polar. 

- -f 
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